Abstract Fibrin formation within the glomeruli occurs occur in human proliferative glomerulonephritis [1 ] and in animal experimental glomerulonephritis [2][3][4]. in various forms of human and experimental glomerulonephritis and it may play an important role in It is well known that thrombin has various biological effects besides its role in haemostasis. For example, it progressive glomerular injury. Transforming growth factor-b ( TGF-b) has been shown to participate in the has been reported that thrombin stimulates the mitogenesis of cultured fibroblasts [5,6], lymphocytes [7 ], glomerular accumulation of extracellular matrix in glomerulonephritis. We investigated whether thrombin, endothelial cells [8] , vascular smooth muscle cells [9, 10] , mesangial cells [11, 12] , and glomerular epithean important coagulation factor, could modulate the production of TGF-b by cultured human mesangial lial cells [13 ] . Thrombin stimulates the synthesis of tissue-type plasminogen activator and plasminogen cells (HMC ). TGF-b levels in the culture supernatants were measured by ELISA using a specific antibody. activator inhibitor 1 by mesangial cells and epithelial cells [14, 15] as well as the production of some cytokines The TGF-b concentration was significantly increased by incubation of HMC with thrombin in a time-by lymphocytes [16 ] , vascular smooth muscle cells [10] , and mesangial cells [12] . It has been shown that dependent manner. The stimulating effect of thrombin on TGF-b was inhibited by addition of hirudin (a inositol triphosphate and diacylglycerol are generated by the activation of phospholipase C in the presence natural thrombin inhibitor) and argatroban (a synthetic thrombin inhibitor). In addition DFP-inactiv-of thrombin, with a subsequent increase of the cytosolic calcium concentration and protein kinase C (PKC ) ated thrombin, which has no enzymatic activity, did not stimulate TGF-b production. A protein kinase C activation [17 ] .
Introduction duction using human mesangial cells ( HMC).
Fibrin formation within the glomeruli has been observed in various forms of human and experimental Methods glomerulonephritis and may play an important role in progressive glomerular injury. Intraglomerular genera-HMC culture tion of thrombin may result from the glomerular activation of tissue factor, which has been reported to HMC derived from the kidneys of human fetuses (16 and Island, NY, USA) with 20% heat inactivated fetal calf serum Statistics ( FCS, Bioserum, Canterbury, Australia) at 37°C in 5% CO 2 . Cells were used between passages 6 and 9 for the present All data are expressed as the means±standard deviation experiments. The cells were identified as glomerular mesang-(SD). Results were compared using one-way factorial ial cells by standard criteria [22] , i.e. a typical stellate ANOVA and multiple comparison tests, and two-way morphology when subconfluent and typical hillocks at con-repeated-measures ANOVA. fluence as well as positivity for actin, myosin, and type IV collagen by immunofluorescence along with negative staining Results for cytokeratin and factor VIII.
To stimulate TGF-b production, HMC were incubated TGF-b assay for 24, 48 , and 72 h with 5.0 U/ml thrombin. The mean TGF-b levels in the culture supernatant in four wells (P<0.0001) ( Figure 1 ). TGF-b was not detected in HMC were cultured in 12-well plates. Confluent cells were HMC supernatants without acidification even after (Sigma) at 0.5 to 5.0 U/ml. We also examined the effect of di-isopropylfluorophosphate ( Wako Pure Chemical Discussion Industries, Osaka, Japan)-treated thrombin ( DFP-thrombin) on TGF-b production. DFP is a serine proteinase inhibitor and DFP-thrombin has no enzymatic activity. In addition, This study examined the modulatory effect of TGF-b we also examined the inhibitory effect of recombinant hirudin synthesis by thrombin by HMC and our results showed ( American Diagnostica Inc.), a specific natural thrombin inhibitor, and argatroban, a synthetic thrombin inhibitor ( Mitsubishi Kasei Corporation, Tokyo, Japan). DFP-treated thrombin was prepared by reacting thrombin ( 200 U/ml ) with 10 mM DFP at pH 7.2 for 1 h at 37°C, and was then dialysed overnight against 0.01 M phosphate-buffered saline ( PBS) at pH 7.4. HMC were incubated for 72 h with 5.0 U/ml thrombin, 5.0 U/ml DFP-thrombin, 5.0 U/ml thrombin plus 10 U/ml hirudin, 10.0 U/ml hirudin, 5.0 U/ml thrombin plus 1.0 mM argatroban, or 1.0 mM argatroban, and TGF-b levels were measured in the culture supernatants. Furthermore we assessed the effect of 1-(5-isoquinolinesulphonyl )-2-methylpiperazine dihydrochloride ( H7) ( Biomol Research Laboratories, Inc. Plymouth Meeting, PA, USA), a protein kinase C inhibitor and herbimycin A (Gibco), a tyrosine kinase inhibitor. Herbimycin A is a benziquinonoid ansamycin antibiotic and an effective inhibitor of cytoplasmic tyrosine kinases [23 ] . HMC were incubated for 72 h with 5.0 U/ml thrombin alone, 5.0 U/ml thrombin plus H7 (7.5-25 mM), Fig. 1 . Time course of TGF-b release by human mesangial cells in or 12.5 mM H7 alone. HMC were also incubated for 72 h the absence ($) or presence (#) of 5 U/ml thrombin. Thrombin with 5.0 U/ml thrombin alone, 0.2 mg/ml herbimycin A alone, stimulated TGF-b production in a time-dependent manner or 5.0 U/ml thrombin plus 0.2 mg/ml herbimycin A. Then TGF-b levels were measured in the culture supernatants. . Thrombin ( T; 5 U/ml ) stimulated TGF-b production by mean±SD for three wells and representative data from one of two HMC. Although 7.5 mM H7 did not inhibit thrombin, 12.5 mM and experiments are shown. *P<0.01 vs 0 U/ml thrombin.
25 mM H7 had an inhibitory effect. In contrast, 12.5 mM H7 alone did not influence TGF-b production. Values are the mean±SD for three wells and representative from one of two separate experiments are shown. C, control; *P<0.01 vs control, H7, T+12.5 mM H7 and 25 mM H7; **P<0.05 vs T and T+7.5 mM H7; ***P<0.005 vs T+7.5 mM H7. reported that TGF-b is can regulate cell proliferation, cell differentiation, the synthesis of extracellular matrix, and the production produced by mesangial cells and that it regulates mesangial cell growth and differentiation in an autocof other cytokines [24, 25] . TGF-b has also been found to increase mRNA levels of most of the matrix rine fashion [21] . Therefore it is possible that TGF-b produced in mesangial cells may modulate the synthesis proteins and to increase protein secretion [26 ] . Glomerulosclerosis is characterized by the excessive of extracellular matrix by the same cells, although the regulatory mechanism responsible for mesangial-cellaccumulation of a extracellular matrix in the glomeruli, and it has been reported that TGF-b has major factor derived TGF-b production is poorly understood.
Thrombin has various biological effects besides an for role in the glomerular accumulation of extracellular matrix in anti-Thy1.1 nephritis and diabetic nephro-important role in haemostasis. Thrombin is mitogenic for lymphocytes, endothelial cells, and other types of pathy [20, 27, 28] . cells [5] [6] [7] [8] [9] [10] , and it can regulate the production of receptor, with its seven membrane-spanning domains, is typical of the G-protein-coupled receptor family components of the fibrinolytic system in a variety of cultured cells [14, 15] . It has been reported that throm- [33] . Thrombin also induces a rapid tyrosine phophorylation of cellular proteins [35, 36 ] , an increase of the bin stimulates the proliferation of cultured mesangial cells and glomerular epithelial cells [11, 12] and it was intracellular calcium concentration [37] , and protein kinase C activation [38] . The TGF-b mRNA level is also reported that thrombin enhances the production of some cytokines by lymphocytes [16 ] , vascular increased by fetal calf serum and 12-O-tetradecanoyl phorbol-13-acetate ( TPA), a phorbol ester and stimulsmooth muscle cells [10 ] , and mesangial cells [12] . Naldini et al. found that thrombin stimulates T-cell ator of protein kinase C [21 ] . Thus it is thought that TGF-b mRNA expression is mediated at least partly proliferation and increases IL-2 and IL-6 production [16 ] . It has been reported that thrombin induces the by protein kinase C. In our study, induction of TGFb production in HMC was inhibited by H7, suggesting proliferation of human vascular smooth muscle cells and expression of the platelet-derived growth factor that thrombin activates protein kinase C and enhances TGF-b production. ( PDGF)-A chain gene [10 ] as well as PDGF-B chain gene expression in human mesangial cells [12] . These Activation of tyrosine kinase is necessary for phospholipase C activation. Herbimycin A, a specific findings and our data imply that thrombin stimulates cytokine production as well as having a mitogenic tyrosine kinase inhibitor, blocks thrombin-induced calcium influx and protein phospholylation in endothelial effect. Thrombin is generated at sites of glomerular injury by activation of the intrinsic or extrinsic coagula-cells [39] . Herbimycin A also inhibits thrombininduced mitogenesis in vascular smooth muscle cells tion pathway and consequently it may then accelerate the production of TGF-b by mesangial cells. Mesangial [40] and mesangial cells [41] . These reports suggest the importance of tyrosine kinase in thrombin incells may subsequently be induced to produce excessive extracellular matrix through a TGF-b-dependent duced mitogenesis. Thrombin induces PDGF B-chain gene expression in human mesangial cells [12 ] . mechanism.
Our study showed that TGF-b production was not Herbimycin A also abolishes the effect of thrombin on PDGF mRNA for PDGF gene induction in response increased by DFP-thrombin. DFP is a serine proteinase inhibitor that blocks the enzyme activity of thrombin. to thrombin is dependent on tyrosine phosphorylation [40] . Therefore we examined the role of tyrosine phosThe specificity of the effect of thrombin on HMC was also tested by addition of hirudin, a natural specific phorylation in mediating thrombin-stimulated TGF-b production by HMC using herbimycin A, and found inhibitor that blocks both the proteolytic and membrane receptor binding functions of thrombin. At that it completely inhibited TGF-b production. This observation indicates that tyrosine kinase activity, 10 U/ml, hirudin inhibited the effect of thrombin on TGF-b production by HMC. We also examined the which is essential for thrombin-induced RNA synthesis, is also required for TGF-b production. action of a synthetic thrombin inhibitor, argatroban, which is an arginine derivative synthesized by Okamoto
In summary, we showed that thrombin could stimulate TGF-b production by HMC. Thrombin is released et al. [30] , and is a highly specific thrombin inhibitor. Argatroban also inhibited thrombin induced TGF-b when glomerular injury occurs and TGF-b has been shown to modulate extracellular matrix proteins in the production. The enzymatic activity of thrombin has been reported to be necessary for its mitogenic effect mesangium. Accordingly, thrombin may play an important role in the progression of glomerulosclerosis. on smooth muscle cells [31, 32] , while inactivation of the thrombin catalytic site by both hirudin and DFP blocks the thrombin-mediated increase of t-PA and PAI-1 [14] . The recent cloning of the thrombin receptor 
